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1 Introduction
The use of quantum groups and quantum algebras is now largely displayed in
theoretical physics. From an elementary point of view, quantum algebras may
be thought of as q- (or qp)-deformations of Lie algebras. Roughly speaking,
there are two types of applications of q-deformations to Physics (cf. Ref. 1).
Applications of type A dot not rely on phenomenology. For example, applica-
tions of type A concern the quantum inverse scattering method, the quantum
Yang-Baxter equation and a true definition of space-time. On the other hand,
applications of type B are entirely phenomenological. Along this vein, we may
mention the use of the two-parameter quantum algebra Uqp(u2) (a Hopf al-
gebra) to rotational collective dynamics of atomic nuclei.2 For applications of
type B, we immediately face the problems of the physical interpretation and
the nonuniversality of the deformation parameter(s).
The considerations above can be applied to deformed oscillator algebras.
Indeed, oscillator algebras and quantum algebras may be connected since the q-
(or qp)-deformed creation and annihilation operators, which are defined in an
oscillator algebra, may serve for constructing realizations of q- (or qp)-deformed
Lie algebras.
It is the aim of this lecture to examine the interest of using qp-deformed
creation and annihilation operators in statistical mechanics of bosons in ar-
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bitrary dimension. In other words, we ask the following question: What are
the implications, at the level of the Bose distribution and the Bose-Einstein
condensation, of replacing ordinary boson operators by qp-deformed creation
and annihilation operators? Furthermore, is it possible to test a deformed Bose
distribution and to find a physical interpretation of the deformation parame-
ter(s)?
This subject was already investigated, mainly in the case of q-deformed
boson operators, by many authors.3−18 The case of qp-deformed boson oper-
ators was considered in Refs. 17 and 18. Most of the works in Refs. 3 to 18
use the Fock representation19−25 for the deformed oscillator algebra inherent
to the considered creation and annihilation operators. In contradistinction,
the representation introduced by Rideau26 (see also Ref. 1) for the q-deformed
oscillator algebra is used in Ref. 16.
We shall deal in this paper with both the Fock and the Rideau represen-
tations of deformed oscillator algebras. These representations are described in
Sec. 2. Then, Sec. 3 is devoted to qp-deformations of the Bose distribution
and its consequence for the Bose-Einstein condensation phenomenon. Finally,
some conclusions are presented in Sec. 4. Two appendices close this paper.
In particular, Appendix B concerns a qp-deformed correlation factor for the
radiation field.
This work takes its origin in Refs. 9 and 18. It is however to be noticed
that some of the developments and the conclusions given here substancially
differ from the ones in Refs. 9 and 18.
2 Deformed Oscillator Algebra
Following Refs. 1 and 26, we characterize the algebraWqpQ by three operators
a, a+ and N such that
• the operator a+ is the adjoint of a,
• the operator N is self-adjoint with a discrete nondegenerate spectrum,
and
• the operators a, a+ and N satisfy the commutation relations
[N, a] = −a, [N, a+] = a+, aa+ −Qa+a =
1
q − p
[qN (q −Q)− pN (p−Q)]
(1)
where the three parameters q, p and Q are fixed parameters taken (a priori)
in the field of complex numbers.
The algebraWqpQ spanned by the deformed annihilation (a), creation (a
+)
and number (N) operators is called a deformed oscillator algebra. In the special
cases Q = q and Q = p, the operators a and a+ are referred to as qp-boson
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operators. They entail the particular cases of the q-boson operators as used
in mathematics (when p = 1) and in physics (when p = q−1). Four particular
cases are of interest for the applications (see also Refs. 19 to 26).
1) The case Q = q, p = 1: This case corresponds to
[N, a] = −a, [N, a+] = a+, aa+ − qa+a = 1 (2)
i.e. to q-bosons as used in the mathematical literature (see also Refs. 19 to 21
and 25).
2) The case Q = q, p = q−1: This case corresponds to
[N, a] = −a, [N, a+] = a+, aa+ − qa+a = q−N (3)
i.e. to q-bosons as used in the physical literature.22,23
3) The case Q = q−1, p = q−1: This case corresponds to
[N, a] = −a, [N, a+] = a+, aa+ − q−1a+a = qN (4)
i.e. to q-bosons as used in the physical literature.22,23
4) The case Q = 0: This case corresponds to
[N, a] = −a, [N, a+] = a+, aa+ =
qN+1 − pN+1
q − p
(5)
which admits two interesting subcases corresponding to either p = 1 or p = q−1.
The nondeformed oscillator algebra corresponds to (Q = q, p = 1, q → 1)
or (Q = q, p = q−1, q → 1) or (Q = q−1, p = q−1, q → 1). Note that the cases
(Q = 0, p = 1, q → 1) and (Q = 0, p = q−1, q → 1) correspond to the exotic
limiting case where aa+ = 1.
The Hilbertean irreducible representations of the oscillator algebra Wq ≡
Wqq−1q were dealt in details by Rideau.
26 The Hilbertean irreducible represen-
tations of the more general algebra WqpQ can be derived equally well. It is
enough to say here that the relations
a |n〉 =
(
Qnλ0 + p
ν0
Qn − pn
q − p
+ qν0
qn −Qn
q − p
) 1
2
|n− 1〉
a+ |n〉 =
(
Qn+1λ0 + p
ν0
Qn+1 − pn+1
q − p
+ qν0
qn+1 −Qn+1
q − p
) 1
2
|n+ 1〉
N |n〉 = (ν0 + n) |n〉 (6)
provide us with a formal representation ofWqpQ. We thus obtain an infinity of
Hilbertean irreducible representations of WqpQ that may be arranged into two
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types: R(ν′0) with n ∈ N and S(λ0, ν0) with n ∈ Z. We shall deal in this work
only with the (Fock) representation R(0) of the algebra Wqpq and the (Fock)
representation R(ν′0), with ν
′
0 6= 0, of the algebra Wq. We shall not use the
case of the (nonFock) representation S(λ0, ν0). This representation which has
no limit at q = p = Q = 1 is briefly discussed in Appendix A.
The (deformed) Fock representation R(0) ofWqpq is obtained from Eq. (6)
by taking λ0 = ν0 = 0 and n ∈ N. Then, we have
a |n〉 =
√
[[n]]qp |n− 1〉,
a+ |n〉 =
√
[[n+ 1]]qp |n+ 1〉,
N |n〉 = n |n〉 (7)
with a |0〉 = 0. In Eq. (7), we use the notation
[[x]]qp =
qx − px
q − p
(8)
It is to be observed that the operator N is a nondeformed operator that co-
incides with the usual number operator (in the sense that its spectrum is N).
Note that
[[x]]q,p=1 =
qx − 1
q − 1
, [[x]]q,p=q−1 =
qx − q−x
q − q−1
(9)
The case of the nondeformed (i.e. usual) Fock representation is reached for
(p = 1, q → 1) or (p = q−1, q → 1). Finally, the case (p = 1, q = 0)
corresponds to the exotic situation where
a |n〉 = |n− 1〉, a+ |n〉 = |n+ 1〉, N |n〉 = n |n〉 (10)
Going back to the representation R(0) (given by Eq. (7)) of Wqpq , we observe
that
a+a = [[N ]]qp, aa
+ = [[N + 1]]qp (11)
so that the relation
aa+ − pa+a = qN (12)
holds for this representation in addition to the defining relation
aa+ − qa+a = pN (13)
Equations (12) and (13) clearly show that the representation R(0) of Wqpq
exhibits the q ↔ p symmetry.
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The (deformed) Fock representation R(ν′0) of Wq is obtained from Eq. (6)
by taking λ0 = 0, ν0 = ν
′
0 6= 0 and n ∈ N. Then, we have
a |n〉 = q−
ν′
0
2
√
[n]q |n− 1〉
a+ |n〉 = q−
ν′
0
2
√
[n+ 1]q |n+ 1〉
N |n〉 = (ν′0 + n) |n〉 (14)
with a |0〉 = 0. In Eq. (14), we use the notation
[x]q = [[x]]q,p=q−1 (15)
and we have q > 1 and ν′0 ∈ R. It is to be observed that the operator N does
not coincide with the usual number operator; the usual number operator is
now N − ν′0 (in the sense that its spectrum is N). As an important result, we
have that if q → 1+ then ν′0 → 0; in other words, we can write
lim
q→1+
R(ν′0) = usual Fock representation (16)
For the representation R(ν′0), we have
a+a = q−ν
′
0 [N − ν′0]q, aa
+ = q−ν
′
0 [N + 1− ν′0]q (17)
Consequently, we verify that the relations
aa+ − qa+a = q−N , aa+ − q−1a+a = qN−2ν
′
0 (18)
hold in Wq. Equation (18) indicates that the representation R(ν
′
0) of Wq does
not present the q ↔ q−1 symmetry.
3 Bose Distribution and Bose-Einstein Condensation
Let us consider a gas of nonrelativistic free bosons. Its Hamiltonian (in a
second-quantized form) reads
H :=
∑
k
Hk, Hk := (Ek − µ)νk (19)
In Eq. (19), µ is the chemical potential while Ek and νk are the kinetic energy
of a boson and the number operator for the bosons, in the k mode, respectively.
The Bose factor for the k mode is then
fk :=
1
Z
tr
(
e−βHa+k ak
)
(20)
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where
Z := tr
(
e−βH
)
(21)
is the partition function and β = (kBT )
−1 the reciprocal temperature.
It is essential to note that Eqs.(19)-(21) have the same form as in the
nondeformed case. They correspond to the basic formulas for the statistical
mechanics of bosons. Here, we do not deform the basic formulas. The trace and
the exponential in (20) and (21) are nondeformed functions. The deformation
is introduced via the use of annihilation (ak) and creation (a
+
k ) operators that
satisfy qp-deformed commutation relations. The form chosen forHk in Eq. (19)
is nothing but the common one where the usual number operator νk takes its
eigenvalues in N. The deformation cannot enter the theory at this level by
replacing νk by a
+
k ak in (19) since the operator a
+
k ak has not its eigenvalues in
N. On the contrary, we must keep a+k ak rather than νk in (20). Indeed, should
we use νk in place of a
+
k ak in (20), we would get a nondeformed value of the
Bose factor. As a conclusion, Eqs. (19)-(21) constitute a reasonable starting
point for a (minimal) deformation of the Bose distribution.
We are now in a position to derive several types of deformed Bose distri-
butions. The deformation is explicitly introduced by using either the represen-
tation R(0) of Wqpq (see Eq. (7)) or the representation R(ν
′
0), with ν
′
0 6= 0, of
Wq (see Eq. (14)). The two representations can be treated (in a formal way)
on the same footing by considering (cf. Eqs. (7) and (14)) the representation
ak |n〉 = p
ν′
0
2
√
[[n]]qp |n− 1〉
a+k |n〉 = p
ν′
0
2
√
[[n+ 1]]qp |n+ 1〉
Nk |n〉 = (ν
′
0 + n) |n〉 (22)
of the algebra Wqpq . We assume (mathematical hyphothesis):
{
ak, a
+
k , Nk
}
and
{
aj , a
+
j , Nj
}
are two commuting sets when j 6= k. Furthermore, we take
(physical hyphothesis):
νk := Nk − ν
′
0 (23)
As a trivial result, we have
Z =
∏
k
1
1− e−η
(24)
where
η := β(Ek − µ) (25)
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The partition function Z is thus independent of the deformation parameters q
and p. Then, the Bose factor fk can be written
fk = p
ν′0(1− e−η)tr
(
e−η(Nk−ν
′
0)[[Nk − ν
′
0]]qp
)
(26)
which can be shown to converge in each of the following five cases:
• (q, p) ∈ R+ ×R+ with 0 < q < e−βµ and 0 < p < e−βµ
• (q, p) ∈ R+ ×R+ with p = q−1 and eβµ < q < e−βµ
• (q, p) ∈ R+ ×R+ with p = 1 and 0 < q < e−βµ
• (q, p) ∈ C×C with p = q¯ and 0 < |q| < e−βµ
• (q, p) ∈ S1 × S1 with p = q¯ = q−1.
The latter two cases, although acceptable from the mathematical point of
view, do not lead to physically acceptable statistical distributions.
As a formal result, Eq. (26) yields
fk = p
ν′0
(
q − 1
q − p
1
eη − q
+
p− 1
p− q
1
eη − p
)
(27)
or alternatively
fk = p
ν′0
eη − 1
(eη − q)(eη − p)
(28)
In the limiting situation where q → 1 and p→ 1, we recover the classical Bose
distribution
Φk =
1
eη − 1
(29)
The distribution fk can be rewritten as
fk = p
ν′0
[
q − 1
q − p
Φk
1 + (1− q)Φk
+
p− 1
p− q
Φk
1 + (1− p)Φk
]
(30)
in term of Φk.
For the purpose of practical applications, it is useful to know the develop-
ment of the distribution fk in integer series. In this respect, we have
fk = p
ν′0
∞∑
j=0
e−η(j+1)
(
q − 1
q − p
qj +
p− 1
p− q
pj
)
(31)
which reduces to the expansion
∑
∞
j=1 e
−ηj of the ordinary Bose factor when
q → 1 and p→ 1.
In the thermodynamical limit, the energy spectrum of the system of bosons
may be considered as a continuum. Thus, fk is replaced by the qp-dependent
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factor f(ǫ) which is fk with Ek = ε. Therefore, in physical applications, we
have to consider integrals of the type
Js :=
∫
∞
0
εsf(ε)dε (32)
By using the development (31), Eq. (32) leads to
Js = Γ(s+ 1)(kBT )
s+1σ(s+ 1)qp, s > −1 (33)
where
σ(s+ 1)qp = p
ν′0
∞∑
j=0
eβµ(j+1)
(j + 1)s+1
(
[[j + 1]]qp − [[j]]qp
)
(34)
In Eq. (33), Γ is the Euler integral of the second type. In the case where µ = 0,
we have σ(s + 1)qp → ζ(s + 1) for q → 1 and p → 1, where ζ(s + 1) is the
Riemann Zeta series (that converges for s > 0).
We now derive some thermodynamical quantities, in D dimensions, for a
free gas of N(D) bosons contained in a volume V (D). The density
ρ(D) :=
N(D)
V (D)
(35)
is given by9
ρ(D) = N0(D)Γ(
D
2
)(kBT )
D
2 σ(
D
2
)qp (36)
where
N0(D) :=
1
2(2π)
D
2
D
Γ(D2 + 1)
g
m
D
2
h¯D
(37)
In Eq. (37), g is the degree of (spin) degeneracy and m the mass of a boson.
The total energy can then be calculated to be
E(D) = N0(D)V (D)Γ
(D
2
+ 1
)
(kBT )
D
2
+1σ
(D
2
+ 1
)
qp
(38)
The specific heat at constant volume easily follows from CV =
(
∂E
∂T
)
V
. We
obtain
CV (D) =
D
2
N(D)kB
[(D
2
+ 1
)σ(D2 + 1)qp
σ
(
D
2
)
qp
−
D
2
σ
(
D
2
)
qp
σ
(
D
2 − 1
)
qp
]
(39)
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Furthermore, the entropy is
S(D) = N(D)kB
[(D
2
+ 1
)σ(D2 + 1)qp
σ
(
D
2
)
qp
−
µ
kBT
]
(40)
Note that the state equation for the gas of bosons is
p(D) =
2
D
E(D)
V (D)
(41)
so that the pressure p(D) assumes the same form as in the nondeformed case.
Finally, other thermodynamical quantities may be determined in a simple
manner by using the thermodynamic potential
Ω(D) = −
2
D
N0(D)V (D)JD
2
= −
2
D
E(D) (42)
where JD
2
is given by (33) and (34).
We now examine the condensation of a system of bosons in D dimensions.
The corresponding density for such a system is given by (36) which can be
rewritten as
ρ(D) = N0(D)JD
2
−1 (43)
as a function of the integral JD
2
−1.
As in the classical case (i.e. q = p = 1), we have to define a procedure for
generating the critical Bose temperature Tc(D). For this purpose, we follow
Ref. 9 by taking
βµ = βµ1 − ln q, q > 1 (44)
where µ1 is a negative constant corresponding to the chemical potential in the
classical case.This q-dependence of the chemical potential µ makes it possible
to have a good behaviour of the distribution fk when µ1 → 0
− only for the two
situations p = q−1 and p = 1. Therefore, in the remaining part of this section,
the parameter p stands for either p = q−1 or p = 1. The Bose-Einstein conden-
sation is then obtained by introducing µ1 = 0 in Eq. (43). Thus, we find that
the critical temperature below which we obtain Bose-Einstein condensation is
given by
Tc(D)qp = p
−
2
D
ν′0
1
kB
[
ρ(D)
N0(D)
1
Γ(D2 )σ0(
D
2 )qp
] 2
D
(45)
where
σ0(
D
2
)qp :=
1
q + 1
∞∑
j=0
1 + q−2j−1
(j + 1)
D
2
for p = q−1 and 1 < q < e−βµ (46)
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or
σ0(
D
2
)qp :=
1
q
∞∑
j=0
1
(j + 1)
D
2
for p = 1 and 1 < q < e−βµ (47)
We thus end up with three models: a two-parameter model M1 with (ν
′
0 ∈ R
∗,
p = q−1, 1 < q < e−βµ) and two one-parameter models, viz. M2 with (ν
′
0 = 0,
p = q−1, 1 < q < e−βµ) and M3 with (ν
′
0 = 0, p = 1, 1 < q < e
−βµ). For each
of these models, the Bose-Einstein condensation phenomenon takes place only
when the dimension D is greater than 2, exactly as in the classical case. (The
series in Eqs. (46) and (47) converge for D ≥ 3.) The models M1, M2 and M3
can be easily tested for D = 3 by comparing for each model the theoretical
and experimental temperatures Tc(3) for
4He superfluid in phase II. For the
models M2 and M3, we obtain
Tc(3)qp > Tc(3)classical > Tc(3)exp ∼ 2.17 K (48)
Therefore, the models M2 and M3 give results which are worse than the one
given by the classical model (corresponding to q = p = 1) for which we have
Tc(3)classical ≡ Tc(3)q=1,p=1 =
2πh¯2
mkB
[
ρ(3)
2.612g
] 2
3
(49)
Unlike the models M2 and M3, for the model M1, it is possible to find couples
(ν′0, q) or which Tc(3)q,p=q−1 is in agreement with the experimental value. As
a point of fact, our test rules out the models M2 and M3.
4 Conclusions
Among the various qp-deformations of the Bose factor studied in this work,
only the ones corresponding to p = q−1 or p = 1 yield acceptable statistical
distributions for bosons. However, there is no q-deformation, with ν′0 = 0, of
the Bose factor that leads to a correct value of the Bose-Einstein transition tem-
perature. This has been tested for 4He but we note that Tc(3)qp > Tc(3)classical
holds in general. The latter result generally applies to other q-deformations,
available in the literature,4,5,10,15,16 based on the use of the representationR(0)
of the oscillator algebra Wq.
The model M1 deserves more optimistic concluding remarks. As a matter
of fact, for this model, corresponding to (ν′0 < 0, p = q
−1, 1 < q < e−βµ), it is
possible to decrease the critical temperature Tc(D)qp and to get Bose-Einstein
condensation temperatures in accordance with experiment. However, as a
drawback, the model M1 depends on two parameters ν
′
0 and q. The parameter
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q brings a translation factor β−1 ln q for the chemical potential since Eq. (44)
gives
µ = µ1 −
ln q
β
= µ1 − kBT ln q (50)
that clearly shows that the importance of the q-deformation increases with the
temperature. The parameter ν′0 is more difficult to interpret. This param-
eter is essential, via the factor q
2
D
ν′0 in Eq. (45), for decreasing the critical
temperature. In this respect, it might be of importance for describing some
interactions between bosons.
To close this paper, it is worth noting that alternative choices, non-linear
in Nk, are possible for the Hamiltonian H in Eq. (19). In this direction, we
may mention, in the case p = q−1, the works of Refs. 4, 5, 10, 15, and 16.
We hope to return on these matters in the future, especially on the difficult
problem of the interpretation of the parameter ν′0.
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Appendix A
We deal in this appendix with the representation S(λ0, ν0) of the oscillator
algebra Wq with 0 < q < 1. This representation follows from
a |n〉 =
(
qnλ0 + q
−ν0 [n]q
) 1
2 |n− 1〉
a+ |n〉 =
(
qn+1λ0 + q
−ν0 [n+ 1]q
) 1
2 |n+ 1〉
N |n〉 = (ν0 + n) |n〉 (51)
where n ∈ Z and the real parameters q, λ0 and ν0 satisfy the constraint
equation
q−ν0
q
1− q
< λ0 < q
−ν0
1
1− q
(52)
A characteristic of this representation is that the spectrum of the operator N
is not bounded from below. It is thus hardly feasible to connect N to the usual
number operator. Another important characteristic concerns the absence of a
limit of S(λ0, ν0) when q → 1
−. In fact, the generic representation S(λ0, ν0)
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disappears at q = 1 since Eq. (52) becomes meaningless for q → 1−. The
fact that representation S(λ0, ν0) has no limit at q = 1 is probably the reason
why this representation has never been used (to the best of our knowledge) in
physical applications.
Appendix B
We discuss here the consequence of a qp-deformation of the correlation function
g(2) of order two associated to the radiation field. In the nondeformed case,
we know that g(2) takes two values, viz. g(2) = 1 for a coherent monomode
radiation and g(2) = 2 for a chaotic monomode radiation. An interesting
question arises: Is it possible to interpolate between the latter two values by
replacing the ordinary boson operators by qp-deformed boson operators? In
this appendix, we limit ourselves to the representation R(0) of the oscillator
algebra Wqpq .
Our basic hypothesis is to describe the radiation field by an assembly of
photons (µ = 0) with the Hamiltonian
h :=
∑
k
hk, hk := h¯ωkνk (53)
The corresponding Bose statistical distribution for the k mode is then given
by (28) where η is replaced by ξ := βh¯ωk. In the case of qp-bosons, we adopt
the definition
g(2) :=
〈a+a+aa〉
〈a+a〉2
(54)
where a and a+ stand for the annihilation and creation operators for the
k mode. The abbreviation 〈X〉 in (54) denotes the mean statistical value
Z−1tr
(
e−βhX
)
for an operator X . Equation (54) can be developed as
g(2) = p−1
〈(a+a)2〉
〈a+a〉2
− (qp)−1
〈qNa+a〉
〈a+a〉2
(55)
Of course, 〈a+a〉 = fk as given by (28) with η ≡ ξ. In addition, the other
average values in (55) can be calculated to be
〈(a+a)2〉 =
(eξ − 1)(eξ + qp)
(eξ − q2)(eξ − qp)(eξ − p2)
(56)
and
〈qNa+a〉 = q
eξ − 1
(eξ − q2)(eξ − qp)
(57)
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Finally, we obtain
g(2) = (q + p)
1
eξ − 1
(eξ − q)2(eξ − p)2
(eξ − q2)(eξ − qp)(eξ − p2)
(58)
with convergence conditions that parallel the ones for fk (with −2βµ replaced
by ξ). [For instance, when (q, p) ∈ R+ ×R+, we must have 0 < q < e
ξ
2 and
0 < p < e
ξ
2 .] The qp-deformed factor g(2) depends on the parameters q and p
in a symmetrical manner (q ↔ p symmetry). It also presents a dependence on
the energy h¯ωk of the k mode and on the temperature T . In the limiting case
where q → 1 and p→ 1, we get g(2) = 2 that turns out to be the value for the
choatic monomode radiation of the black body. Let us now examine the cases
of low temperatures and high energies. In these cases, eξ is the dominating
term in each of the differences occuring in Eq. (58). Therefore, we have
g(2) ∼ q + p (59)
at low temperature or high energy. Equation (58) shows that we can interpolate
in a continuous way from g(2) = 1 (coherent phase) to g(2) = 2 (chaotic phase).
It is thus possible to reach the value g(2) = 1 without employing coherent states.
It should be observed that we can even obtain either g(2) > 2 or g(2) < 1 from
Eq. (58). The situation where g(2) < 1 may be interesting for describing
antibunching effects of the light field.
References
1. M.R. Kibler, in Symmetry and Structural Properties of Condensed Mat-
ter, eds. Florek, D. Lipin´ski and T. Lulek (World Scientific, Singapore,
1993).
2. R. Barbier, J. Meyer and M. Kibler, Int. J. Mod. Phys. E 2, 385 (1995).
3. C.R. Lee and J.-P. Yu, Phys. Lett. A 150, 63 (1990).
4. M.-l. Ge and G. Su, J. Phys. A: Math. Gen. 24, L721 (1991).
5. M.A. Mart´ın-Delgado, J. Phys. A: Math. Gen. 24, L1285 (1991).
6. C.R. Lee and J.-P. Yu, Phys. Lett. A 164, 164 (1992).
7. C.-R. Lee, Chinese J. Phys. 30, 491 (1992).
8. G. Su and M.-l. Ge, Phys. Lett. A 173, 17 (1993).
9. J.A. Tuszyn´ski, J.L. Rubin, J. Meyer and M. Kibler, Phys. Lett. A 175,
173 (1993).
10. V.I. Man’ko, G. Marmo, S. Solimeno and F. Zaccaria, Phys. Lett. A
176, 173 (1993).
11. R.-R. Hsu and C.-R. Lee, Phys. Lett. A 180, 314 (1993).
14
12. Ya.I. Granovskii and A.S. Zhedanov, Mod. Phys. Lett. A 8, 1029 (1993).
13. M. Chaichian, R.G. Felipe and C. Montonen, J. Phys. A: Math. Phys.
26, 4017 (1993).
14. S. Vokos and C. Zackos, ANL-HEP-CP-93-39.
15. R.K. Gupta, C.T. Bach and H. Rosu, J. Phys. A: Math. Gen. 27, 1427
(1994).
16. M.A. R.-Monteiro, I. Roditi and L.M.C.S. Rodrigues, Phys. Lett. A 188,
11 (1994).
17. R.-S. Gong, Phys. Lett. A 199, 81 (1995).
18. M. Daoud and M. Kibler, Phys. Lett. A 206, 13 (1995).
19. M. Arik and D.D. Coon, J. Math. Phys. 17, 524 (1976).
20. V. Kuryshkin, Ann. Fond. Louis de Broglie 5, 111 (1980).
21. A. Jannussis, G. Brodimas, D. Sourlas, K. Vlachos, P. Siafarikas and
L. Papaloucas, Hadronic J. 6, 1653 (1983).
22. A.J. Macfarlane, J. Phys. A: Math. Gen. 22, 4581 (1989).
23. L.C. Biedenharn, J. Phys. A: Math. Gen. 22, L873 (1989).
24. R. Chakrabarti and R. Jagannathan, J. Phys. A: Math. Gen. 24, L711
(1991).
25. J. Katriel and M. Kibler, J. Phys. A: Math. Gen. 25, 2683 (1992).
26. G. Rideau, Lett. Math. Phys. 24, 147 (1992).
15
